[ 139 ] 



IV. On Flame Spectra, 
By Charles de Watteville. 



Cormmmicated by Arthur Schuster, FIB.S, 



Received May 28,--Eead June 16, 1904. 



Plate 4. 



In the course of a photometrical investigation of flames, which, had been coloured by 
injecting the spray from sahne solutions into the gas to be burnt, M. GouY discovered, 
in the spectra of the flames, several new lines belonging to the metals contained in 
the solution. ^^' Instead of appearing throughout the whole flame, as did the previously 
known lines, these new lines were only emitted in the vicinity of the blue inner 
cone — the origin of the Swan spectrum. The observations of M. GouY were limited 
to tlie examination of certain lines of the visible portion of the spectrum, and, with 
the advice of Professor Scni si\er and under his direction, I have taken up this study 
witli tlie object of extending it, by means of photography, to the ultra-violet portion 
of the spectrum and also of detecting lines which are too feeble to be visible to 
the eye. 

I. Method of Producing the Flame. 



[he method employed for the production of the flame is, in short, that which has 
been introduced by M. Gotjy, and described by him, in his memoir, to which reference 
should be made for a more detailed description. The very slight modifications which 
have been made in the apparatus of this scientist are due to the necessity of having 
an arrangement which should be as automatic as possible during the eight hours 
which were often found necessary for the photographic exposures. These modifications, 
however, have an important bearing upon the success of the experiments. 

Referring to the diagram, A is a glass globe, having three necks at B, C, and D. 
Into the neck at B is fitted the sprayer P, which consists of two concentric tubes, 
which have been drawn out together very finely at one end. The inner tube, through 
which the liquid is blown, is connected by means of indiarubber tubing to the lower 

^ ' Aniiales de Chimie et de Physique,' 5th Series, vol. XVIIL, 1879. 
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neck C of the globe A, whilst the outer tube of the sprayer is in communication with 
a supply of compressed air. Part of the spray of the liquid falls to the bottom of the 
globe A, whilst a much smaller portion is carried away by the stream of air and 
passes into the upper globe E, where again the largest drops of the liquid fall down. 
Communication is established between the globes E and A by means of a vertical 
glass tube, in the wall of which there is a circular aperture 0, The object of this 
aperture is to afford a free passage to the mixture of air and the spray of the solution 
in the event of a drop of the liquid, which deposits on the walls of the tube, collecting 
at its lower end. One thus avoids all oscillatory movements of the flame due to the 




Extremity of the Sprayer 
(I?\iil Scale) 






air forcing its way through the tube intermittently. The drops which do collect at 
the end of the tube simply fall back into the globe A when they have become 
sufficiently heavy, and thus do not interfere with the passage of the air and spray 
into the globe E. An indiarubber tube then conveys the mixture to one of the 
branches of a Y-shaped tube, another branch of which is connected to the coal-gas 
supply. The third branch is fitted at G into a wider tube GH, in which the heavier 
liquid particles have a further opportunity of settling down. These collect in the 
lower portion of the tube, whilst the gaseous mixture passes directly onw^ards 
through H to the burner. The burner consists of a horizontal, cylindrical tube of 
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copper, perforated with 30 holes, each of about 2 milhms. diameter, arranged along a 
straight line, parallel to the axis of the tube. In order to avoid any accumulation of 
water in the indiarubber tube which conveys the mixture to the burner, it is advisable 
to fix the tube GH at a level slightly higher than that of the burner. The mixture 
arrives at the burner from the branch K of a three-way glass tube. Any liquid which 
may condense here will fall into the closed tube 11, the contents of which may be 
easily removed. 

The flame is really composed of 30 small flames, each of which, by carefully 
regulating the supply of gas, may be made to have the same height. Owing to the 
transparency of the flames, the total intensity of the light will be considerably 
increased in the direction of the length of the burner. 

If reference be made to the description which M. GouY has given of his apparatus, 
it will be noticed that I have suppressed the regulator, which had been, found 
necessarj/^ when making delicate photometrical measurements. But this accessory 
would have made it imperative for the experimenter to be in constant attendance, 
and in the present case this was impossible on account of the long exposures which 
had to be made. However, the apparatus was found to be very steady in its working, 
owing chiefly to the employment of a very constant air supply. In one stage of the 
work I used a large gas-holder which had a capacity of 1 cubic metre, and which 
could be filled with ah* under a pressure of four atmospheres. At another time a 
public supply of compressed air at constant pressure was utilized. All that was 
necessary was to adjust the gas supply from time to time in order to keep the flame 
at a fixed height. The quantity of air used was about 1 cubic metre (under 
atmospheric pressure) per hour. 

Solutions employ ed — In all cases where this has been possible, a solution of the 
chloride of the metal to be investigated has been used. Only in those cases where 
the chloride is but slightly soluble have other solutions been found necessary. 
However, the particular salt taken is mentioned at the commencement of all the 
descriptions of the different spectra examined. The solutions have been made as 
strong as possible, but not so strong that the salt has crystallized out during the 
working of the apparatus. When crystallization has occurred, a small addition of 
warm, distilled water has been sufficient to overcome the inconvenience. The 
concentration of the solution is of considerable importance, for upon it depends the 
intensity of the lines of the spectrum ; certain of them may even disappear completely 
if the solution is too dilute. For instance, the green lithium line 4972, which had 
not hitherto been noticed in the flame, becomes extremely bright when a strong 
solution of the chloride of this metal is used. Again, an experiment made with the 
chloride of calcium showed a very marked difference in the intensity of the lines on 
two photographs, obtained under precisely similar conditions, except that in one case 
a dihite solution (10 per cent.) and in the other a saturated solution was employed. 
It is, above all, necessary to secure that as much as possible of the spray of the 
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solution shall reach the flame. The sprayer described by M. GouY works very well 
in this respect ; that is to say, a relatively small quantity of air is able to produce a 
sufficiently large amount of spray. In order to ensure this condition, the annular 
space between the end of the inner tube and the inner wall of the outer tube should 
be made as small as possible. 

II. Specteoscopigal Apparatus. 

Both diffraction grating and prism spectroscopes have been used in this research. 
The grating offers a ready means for the direct determination of wave-lengths, and, 
moreover, on account of its high resolving power, enables closely adjacent lines to be 
easily separated. This is important, since whenever a particular line is built up of several 
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components, it is necessary to determine whicli of these components are present in the 
flame. On the other hand, with the grating, a large amount of the incident light is 
uselessly spent in the formation of the spectra of different orders. Consequently the 
prism spectroscope has been employed for mapping these lines which are too weak to 
be detected on the photographs taken with the grating spectroscope. 
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(1.) Roivland Grating Spectroscope, 

This spectrograph, constructed for Professor Schuster and made to his design by 
the Cambridge Scientific Instrument Company, is enclosed within a Hght-tight case, 
the greatest length of which is rather larger than 1 metre. At one end is the 
grating, fixed vertically on a platform, which can be moved either in a vertical or in 
a horizontal direction by means of three clamping screws. For this purpose the 
platform is drilled with three large holes, through which pass the vertical bolts. The 
lower ends of these bolts are screwed into a metal plate, which is itself firmly fixed 
to the base of the box. Two nuts on each bolt serve to clamp the platform at any 
desired height. At the other end of the case there is a dark slide, in which the 
photographic film is placed, or in which the eye-piece used in the adjustment of the 
grating and for eye observations may be fitted. The eye-piece is held in place by 
springs, and may be moved along two grooved iron rails which have been bent to the 
requisite curvature. When films are used, they are firmly pressed against these rails 
by means of a piece of curved wood, which closes the slide securely. 

There are, in addition, two circular openhigs in the case, corresponding respectively 
to the positions to be occupied by the slit, when it is desired to have on the film 
either the first-order spectrum or the second-order spectrum in their full extent. A 
system of regulating screws, placed near each of these two openings and against 
which the tube carrying the slit is made to bear, allow the exact position of the slit 
to be re-found, both as regards possible vertical 
displacements and horizontal displacements, 
when the slit has to be moved from one aperture 
to the other. 

The grating itself is a fine Rowland concave 
grating of 15,000 lines to the inch, and having 
a ruled length of 3*5 inches. Its radius of 
curvature is 1 metre, and on the films used a 
length of 1 millim. corresponds to a difference 
of wave-length of about 16*8 Angstrom units. 

Adj%istment of the Grating. — As is well 
known, the series of images of the slit formed 
by difiraction will all lie on a cylindrical 
surface to which the slit and the grating are 
both tangents. The diameter of this cylinder 
is equal to the radius of curvature of the 

grating, and the normal EM (fig. 3) to the grating should coincide with a diamete 
of the cylinder. To perform the adjustment, one begins by ascertaining that the 
centre of the ruled portion of the grating is in a horizontal plane which divides 
the film into two equal halves; then one places a wire cross at a point M\, situated 
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close to the point M, the centre of the film, both points M and M.-^ lying on the 
horizontal line dividing the film into two equal halves. The grating, acting simply 
as a mirror, forms an image M^ of the cross, and, by means of the levelling screws 
of the grating, M^ is brought to the same height as Mj„ Also, the image of the 
wires should be perfectly sharp, and this is realised by sliding the platform carrying 
the grating either to or away from M, over the clamping screws. Then, when the 
points M3 and M^ are symmetrically situated about the point M, the normal to the 
grating passes through M and lies in. the horizontal plane dividing the film into equal 
portions. Moreover, the distance of the grating from the film is equal to the radius 
of curvature of the grating. 

The slit is then illuminated by means of a source of light which gives a line 
spectrum, and the slit is adjusted in the tube until the lines are seen clearly through 
the observing eye-piece, which is focussed on the surface with which the film will 
afterwards coincide. 

The adjustment should then be complete, but this is generally found not to be the 
case, on account of the different refrangibilities of the eye for the different colours. 
The further adjustment is then made by the help of photography « The three possible 
means of adjustment at one's disposal are as follows: — (l) The displacement of the 
slit in its tube—- this has exactly the same effect for all parts of the spectrum ; (2) the 
displacement of the grating parallel to itself; and (3) the rotation of the grating 
about a vertical axis passing through its centre. The last two motions differ from 
the first in producing effects which vary in magnitude for different parts of the 
spectrum. 

In this way it is possible to correct the want of sharpness either of the whole 
spectrum or of any particular portion thereof By using the three means of adjust- 
ment methodically, it is possible to secure perfect adjustment after a certain number 
of trials. A useful plan adopted was to use the grating as a mirror, and by means of 
the motion on a screen of the image of a small flame to estimtate the angle through 
which the grating was rotated at any time, or, when the grating had only to be 
displaced parallel to itself, to make sure that there was no rotation about its vertical 
axis. In this way it was easy to increase or decrease any particular displacement by 
a desired amount. 

Comparison Spectra,— WheiiGYer a flame spectrum has been photographed, a 
comparison spectrum has been photographed with it, this being either the spark or 
the arc spectrum of the metal under investigation. It was important, in order to 
avoid any accidental relative displacements of the lines, that the burner and the 
electric arc or spark should lie exactly in a straight line with the centre of the 
grating. This condition was realised in the following manner :--The electrodes 
E, E^ are adjusted so that the gap between themi is at the same height as the centre 
of the grating (and therefore at the same height as the centre of the photographic 
film). The slit F then being opened widely and the spark set going between E and 
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E^, one can see on the grating itself the luminous trace of the incident pencil of light. 
The spark is then moved about until this trace occupies exactly the central part of 
the surface of the grating. The burner is then lit and placed at B, between the 
spark and the slit. The burner is then displaced laterally and rotated about a 
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Fig. 4. 

vertical axis until the inverted ima^^'e of the flame that one sees on lookinp' at the 
grating is as small as possible, this being the case when the series of small elementary 
flames is in a straight line with the slit and at the same time the image is super- 
posed on the luminous trace due to the spark. It only remains now to place two 
lenses, one at L, between the burner and the slit, so as to illuminate the whole surface 
of the grating, and the other at L^, between the burner and the spark, in order to 
concentrate the light of the spark at the centre of the burner. The distances are 
so arranged that a small image of the spark is formed at tlie slit, so that the 
whole surface of the grating is also illuminated by the light of the spark. The 
height of the two lenses is adjusted until the spectrum of the spark falls exactly 
in the centre of the field of view of the observing eye-piece. As to the height of 
the burner, this is determinc^d so as to obtain on the photographic plate the spectrum 
of the two principal interesting regions of the flame, viz., th.e inner cone and the 
flame properly so-called. A metallic wire is fixed on a level with the tips of the 
small cones and tlie burner is raised or lowered imtil the dark line produced by this 
wire across the spectrum of the flauie is in the centre of the field of the eye-piece. 
It is almost unnecessary to add that when tlie comparison spectrum Avas the arc 
spectrum, the adjustment was made in exactly the same way by previously u.sing the 
two carbons as sparking electrodes. 

This procedure has always given a very satisfactory coincidence between the lines 
of the two spectra, and has enabled me to avoid the accidental displacements which 
were observed before these precautions were taken. 

On account of the extremely long time of exposure with the flame, the comparison 
spectrum was obtained in the middle of this exposure, so as to establish a mean 
position of the lines in the event of variations in the temperature of the apparatus 
intervening to produce a widening of the lines of the flame. During the exposure for 
the arc or the spark, the shutter of the dark slide was replaced by a screen provided 
with a central aperture, 3 or 4 millims. wide, running along its whole length, an 
exactly complementary screen to this being used during the exposure for the flame. 

VOL. CCIV. — A. U 
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(2.) The Prism Spectrogixiphs, 

Each of the spectra to be afterwards described has been obtained afresh in the 
Physical Research Laboratory at the Sorbonne hj means of two prisni-spectrographs. 
One of these, intended for the visible portion of the spectrum, is provided with a 

liutherford-Steinheil prism. The other, 
which answers the requirements of 
Ede:r,^^ is composed of two lenses and 
an excellent prism of quartz, worked 
by M, W'brlein, of Paris, and allows 
the wdiole spectrum to be obtained on 
one plate, I will not describe the 
adjustment of this apparatus, the details 
of which will be found very clearly and 
practically stated in the paper of 

M. HEMSA^LECH.t 

The arrangements for obtaining the 
comparison spectra in this case were as 
follows : -The burner B, the central 
holes of which had been closed up, was 
lixed upon a support v/hich also carried 
a bar of insulating material A, along 
which tlie electrodes E, E^ could slide. 
There would then be a gap in the 
centre of the flame which would be 
occupied by the electrodes, and thus 
the spark could be obtained in the axis 
of the flame and exactly at the same 
height as the tips of the small blue 
cones. A single lens served to direct 
the light of the flame or the spark into 
the spectroscope. The two spectro- 
scopes were placed one on either side of 
the burner, as indicated in the figure, 
and they could thus be used simultaneously. Here, as in the case of the grating 
photographs, the spark spectrum fell in the centre of the spectrum of the flame, 
dividing it into two regions, of which the one corresponded to the inner cone, while 
the other corresponded to the upper portion of the flame. 

Photographic Methods,— Y' or the grating photographs I have used Edw^ards' 

■^ 'Wiener Denkschr./ 57 (1890). 

t ' Sur les Spectres d'Etincelles,' Paris, HERMANN. 
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orthochromatic films, developed with amidol and sodium sulphite, and for the prism 
photographs Lumiere plates, series A and B, one series being sensitive to the yellow 
and green and the other to the yellow and red, Cmstallos being used as the developer. 
All these preparations have given good results, except for their known insensitiveness 
in the green region of the spectrum. This inconvenience I have not been able to 
overcome by means of sensitizing agents. 

The times of exposure have been eight hours on the average with the grating, from 
three to four hours with the glass prism, and six hours with the quartz prism. It 
would certainly be advantageous to prolong these exposures still further for the ultra- 
violet portion of the spectrum, where the quartz apparatus gives a greater intensity 
and also a greater number of lines than the grating. 



III. MethoDkS of Measurement. 

I have used several methods for measuring the photographs obtained. In the case 
of the grating photographs the shnplest method consisted in finding exactly the 
distance between two lines, using a magnifying lens and finely pointed dividers, and 
transferring it to a divided scale. Knowing the difference of wave-length corre- 
sponding to 1 millim. on this scale, the difference of wave-length could then be 
deduced. In this way one could obtain approximate results, the maximum error of a 
|: of a laillimetre in the readings corresponding to an error of 4 Angstrom units. 
This approximation was sufficient when it was a question of determining easily 
recognized lines, and one had rather, as in the present case, to identify the lines of 
the flame spectrum with those of the adjacent and known spark spectrum of the 
same metal than to make an exact measurement. In certain other cases this 
summarj/ method has not been sufficient, and I have then had recourse to photographs 
obtained with the prism spectroscopes on which the comparison spectrum was always 
that of the oscillatory electric spark between iron poles. The position of the line has 
then been obtained definitely by reference to the atlas of the iron spectrum prepared 
by Kayser and Eunge. Finally, for metals whose spectra are very rich in lines, for 
example the metals of the iron group, 1 have been compelled to use the ordinary 
methods of measurement. The new measuring machine described by M. Kayser, '^^ 
and which belongs to the Physical Laboratory of the University of Manchester, has 
been of the greatest use to me. The time needed for the measurement of a photo- 
graph is considerably shortened by its use, thanks chiefly to the automatic printing 
apparatus with which it is provided. Any required wave-length is obtained, as is 
well known, by interpolation between the wave-lengths of two neighbouring known 
lines. 

The lines due to the carbon in the coal-gas and to the water- vapour are present in 

^ ' Handbuch der Spectroscopies vol. i., p. 644, 
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each spectrum, but, except in the case of the metals belonging to the iron group, 
where a considerable number of feeble lines may have been omitted, they do not 
cause much trouble. Their intensity is, on the whole, weak compared with that of 
the lines being studied, and they only extend to a small portion of the total length of 
the spectrum. In particular, the characteristic regularity in the disposition of the 
carbon bands enables them to be very easily recognized. I have besides made an 
exposin^e for 24 hours — three times the normal exposure— with the non-luminous 
flame produced by the apparatus working as usual, but without the addition of any 
salt, and the photograph thus obtained has been very useful for comparison. 1 have 
also found valuable information in the descriptions of these accessory spectra given 
by Eder and Valenta. 

As to the intensities of the lines, it is well known how uncertain their estimation 
must be, depending as it does upon the judgment of the observer^ upon, the apparatus 
used, and also upon the unequal sensitiveness of the photographic plate to the 
different rays. The numbers to be given afterwards do not claim any more than to 
indicate approximately the relations between the intensities of the lines in a certain 
region. For this purpose I have combined the results obtained from the three 
spectra photographed for each metal, for a very strong ultra-violet line, which would 
have an intensity represented by 10 in the spectrum given by the cpartz prism, might 
only have an intensity represented by 2 in the spectrum given by the grating. This 
correction has been impossible in the green portion of the spectrum on account of the 
plate, and it is certain that in this region the errors in the estimation of the intensity 
are greatest. 

In the following tables, in order to facilitate comparison, I have tabulated the 
measurements of the arc spectra made by Kayseb, and Hunge. Only those lines 
have been included whose wave-lengths lie between the limiting wave-lengths 
observed in the flame spectrum of each metal. Moreover, all those lines in the arc 
spectrum which are of less intensity than ttie weakest of those in the flame spectrum 
are not mentioned at all. Thus, for instance, when no line of intensity lower than 6 
in the arc spectrum is found in the flame spectrum, I shall indicate for the arc 
spectrum only those lines which have intensities 10, 9, 8, 7, and 6^ but shall include 
those of these intensities which are missing in the flame spectrum. 

With some metals the flame spectrum contains bands of a more or less complicated 
nature in addition to the lines. Such is the case, for instance, with magnesium, 
barium, strontium, calcium, copper, tin, and manganese. The study of these bands 
and the nature of the compound to which they are due, forms no part of the present 
investigation. The accompanying tables therefore contain only the lines which are 
ascribed to the metals. 
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Lithium. 
Salt used : Lithium Chloride. 



Arc spectrum according to 
Kayser and Runge. 



Wave-length. 



6708 
6103 
4972 
4602 
4273 
4132 
3915 
3794 
3232 
2741 
2562 



2 

77 

11 

37 

44 

44 

2 

9 

77 

39 

60 



Intensity. 



lOsr 
lOsr 
6bn 
lOsr 
4n 
8nr 
6Tn" 
4n 
8sr 
6sr 
4sr 



8 

o 

1 



Flame spectrum. 

j 


Intensity. 


Cone. 


Flame. | 


10 


10 1 


5 


3 ; 


3 




10 


3 


3 




6 


5 ' 


3 


2 ; 


2 





8 
1 



Remarks. 



n = 


= 3, 


Pal. 


Ses. 


n^ 


= 3, 


1st 


S. Ses. 


n = 


= 4, 


2iid 


)) 5J 


n^ 


= 4, 


1st 


J3 JJ 


n^ 


= 5, 


2nd 


)) )J 


n^ 


= 5, 


1st 


)) )) 


n^ 


= 6, 


1st 


)J !? 


n^ 


= v, 


1st 


55 3> 


n ^ 


= 4, 


Pal. 


Ses. 


n 


-. 5, 


?5 


55 


n^ 


= 6, 


J? 


5? 



Sodium. 
Salts used : Sodium Carbonate and Caustic Soda, 



Arc spectrum according to 
Kayser and Eunge. 



Wave-length. 



5896 
5890 
5688 
5682 
/ 5675 
1 5670 
5153 
5149 
4983 
4979 
r4752 
4748 
4669 
4665 
r 4546 
\4542 
J 4500 
[4994 
3303 
3302 
2852 



1 



16 
19 

26 

90 

92 

40 

72 

19 

53 

30 

19 

36 

4 

2 

03 

75 



3 

07 

47 

91 



Intensity. 



lOsr 
lOsr 
8n 
8n 
2n 
2n 
6n 
6n 
6n 
6n 
4n 
4n 
4n 
4n 
2n 
2n 
2n 
2n 
8r 
8r 
6r 



Flame spectrum. 



Cone. 



50 
50 



7 



4 

o 



2 

9, 



10 
10 

5 



Intensity. 



Flame. 



50 

50 

8 

7 



4 
3 



2 

9 



10 
10 

5 



Remarks, 



n = 3, Pal. Ses. 
n '-= 4, 2nd S. Ses. 



n = 5, 2nd S. Ses. 



n = 6, 2nd S. Ses. 

Traces in the continuous 
spectrum of the flame. 

n==45 Pal. Ses. 

n = 0, ,, ,, 
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Potassium. 



Salts used : Potassium Chloride aud Caustic Potash 



Arc spectrum according to 
Kaysee and Eunge. 



Waveden 


gth. 


f 

1 


7699- 


3 


7665- 


6 




6938- 


8 




6911' 


2 




5832- 


23 


5812- 


54 


< 


5802' 


01 


5782- 


67 


f 

< 


5359- 


88 


5343" 


35 


< 


5340 


08 


5323 


55 


{ 


5112 


68 


5099 


'64 


> 

< 


5097 


•75 


5084 


49 


< 


4965 


•5 


4956 


•8 


< 


4952 


•2 


4943 


•1 


< 


4870 


•8 


4863 


•8 




4856 


•8 


4850 


•8 




4047 


•36 


< 


4044 


•29 


< 


3447 


•49 


3446 


•49 


\ / 


3217 


•76 


j < 


3217 


•27 



Intensity. 




Flame spectrum. 



Intensity, 



Cone. 



3 

4 



.Ju 1(11110. 



3 



5 
4 
3 

2 

1 

1 
1 
1 

0^5 
Traces in the c 
trum of t 



Q 



5 



2 
1 

1 

1 
1 
0-5 

ontinuoTis spec- 

he flame„ 



IlmL 

Ibid, 

i 

lUid. 



20 
20 
15 
15 
10 
10 



20 

20 

15 

15 

8 

8 



} 
} 



} 



Eemarks, 



n = 3, Pal. Ses. 



n-=5, 1st S. Ses. 



n=::55 2nd , 



J 55 



n = 6j 1st ,5 „ 



n=^%^ 2nd 



55 5? 



n -^-=7, 1st , 



5 JJ 



n =^7, 2nd ,, ,, 



n = 8, 1st 



55 5? 



11=^85 2nd ,, 

J I !/ J 1 k) U « • 



55 



5? 



n ^- 9, 2nd , 



5 j; 



n =^4, Pal. Ses. 



R 



n - - .3, ,, 5, 



n U5 J 5 5. 
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Magnesium. 



Salts used : Magnesium Chloride. 



Arc spectrum according to 
Kayser and Eunge. 



Wave-len 


1 

gth. 1 

1 


5528- 


1 
75 ! 


r5183- 


84 ' 


^ 5172- 


87 i 


1 5167- 


55 


4703' 


33 


4571' 


33 : 


4352- 


18 


[3838 


44 


< 3832" 


46 


[3829 


'51 


r3336 
< 3332 


•83 


■28 


3330 


•08 


r3097 
^ 3093 


■06 


•14 


[3091 


•18 


2942 


•21 


2938 


•67 


2936 


'99 


2936 


•61 


2928 


•74 


2915 


•57 


2852 


•22 



.Intensity. 



6 
lOr 
lOr 

8r 
8n 
4 
8n 

lOr 

lOr 

lOr 

lOn 
8n 
8n 

lOr 
8r 
8r 
8n 
6n 
4n 

4 
4 
1 Onr 



Flame spectrum. 



Intensity. 



50 







Gone. 


Flame. 


10 


— 


8 




7 




5 


5 


20 




15 




10 




7 


— 


5 


—^ — 




..— 



20 



Remarks. 



n = 3, 2nd S. Ses. 



^ n 



4, ISu 5, 



5? 



Ix ~ JL • rfU^.iiV.i. «« 



55 



n 



^— Oj xSu 5j 



J? 



n --= 5, 2nd j. 



55 



This line is reversed (or 
double) in tlie flame 
spectrum 
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Calcium. 



Salt used : Calcium Chloride. 



Arc spectrum according to 
Kayser and Eunge. 



Wave deng til. 


4586 • 


12 


4581- 


66 


4578- 


82 


4527 • 


17 


4456- 


81 


4456- 


08 


4454- 


97 


4435^ 


86 


4435- 


13 


4425 • 


61 


4355 • 


41 


4318" 


80 


4307 • 


91 


4302 • 


68 


4299 


14 


4289 


51 


4283 


16 


4240 


■58 


4226 


•91 


4098 


'82 


4095 


•25 


4092 


•83 


3973 


•89 


3968 


•63 


3957 


•23 


3949 


•09 


3933 


•83 


3737 


•08 


3706 


•18 


3653 


•62 


3644 


•45 


3630 


•82 


3624 


•15 



Intensity, 



10 

8 

8 

6 

4 

8r 
lOr 

8r 
lOr 
lOr 

6b 



5r 
lOr 

6 

8r 

8r 

4 
10 

4b^' 

2b^^ 

2b" 

6b^' 
lOr 

6b" 

4b" 
lOr 

4 

4 

4 
lOr 

8r 

8r 



} 



Flame spectrum. 
Intensity. 



Cone. 



1 

] 
1 



15 

12 

8 

8 
7 



1 

1 

« 

4 
1 

4 



2 
1 



Flame. 




50 



n--=4, 1st S. Ses, 



n ^ 4, 1st 



JJ 33 



11 = — 4:5 J-Su 5 5 5 5 



n -- 4, 2nd 
H line 
4, 2nd 



n 



53 



53 



11.^-4, 2nd 3 5 
K line 



35 

33 
33 



11 -~ O5 iSu 3 5 33 

n "-" 1)3 1. St 55 53 
n---55 1st 



33 35 
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Strontium. 



Salt used : Strontium Chloride. 



Arc spectrum according to 
Kayser and Runge. 



Wave-length. 



5481 
5451 

5257 
5238 
5229 
5225 
5222 
5156 
4968 
4962 
4892 
4876 
4872 



4855 



15 

08 

12 

76 

52 

35 

43 

37 

11 

45 

20 

35^ 

6{] 

92 

27 



10 

8 

10 

10 

8 

8 

8 

10 



Flame spectrum. 



Intensity. 



Intensity. I Cone. 



1 
0-5 



lOr 


/- 


8 


1 


8r 


4 


lOr 


4 


6 


— 


6 





Flame. 



Arc spectrum, according to 
Kayser and Runge. 



Waved ength. 



4832-231 



01 
43 



4812 

4784 

4742 

4722 

4678 

4607 

4531- 

4438- 

4361-87 

4338-00 

4215-66 

4161-95 

4077-88 

4030-45 



42 
39 

52 
54 

22 



Intensity. 



lOr 
lOr 

6 

6 

8 

6n 
lOr 

6 

6n 

6n 

6b^ 
lOr 

6 
lOr 

6b^^ 



Flame spectrum. 
Intensity.. 



Cone. 



5 
8 
4 

4 
4 



50 



6 

6 

2 



Flame. 



50 



5 



5 



* 11 = 4:, 1st S. Ses. 



t n^45 1st S. Ses. 



Barium. 



Salt used : Barium Chloride 



Arc spectrum according to 


Flame spectrum. 


^ Arc spectrum a 


.ccording to 


Flame spectrum. 




Kayser and Rungil 


T J • J 


Kayser and Runge. 


T * 1 






Intensity. 


1 


Intensity. 


- 


Wave-length. 


Intensity. 
lOr 


Cone. 

20 


Flame. 

20 


Wave-length. 

4402-75 


Intensity. 

8r 


Cone. 


Flame. 


5535-69 






5519-37 


8r 






4350-49 


8r 








5424-82 


8r 






4283-27 


8r 


2 






4934-24 


lOr 






4130-88 


8r 








4900-13 


8 






3993-60 


lOr 


6 






4726-63 


8r 






3935-87 


8r 








4579-84 


8r 






3910-04 


8r 




. — 




4554-21 


lOr 


/_ 




3501-29 


lOr 


8 






VOL, CCIV. 


—A. 






<: 
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Zinc. 



Salt used : Zinc Chloride. 



Arc spectrum according to 




Elame spectrum 


Kayser and Ritnge. 


— 


Intensity. 


Wave-length. 


Intensity. 
lOr 


Cone. 

2 


FL 


4810-71 




4722-26 


lOr 




2 


- 


4680-38 


lOr 




1 


- 


4630-06 


8b^ 








4058-02 


8 






•■ 


3683-63 


8b 








3345-62 


8r 


1 


3 




3345-13 


lOr 




3303-03* 

3202-67* 


8r 
8r 


1 


2 


„ 


3282 -421 


8r 




1 

• 




3075-99 


8r 




6 





6 



> 



Remarks. 



n = 3, 2nd S. Ses. 



n = 45 1st 5, 
n=:45 1st 3, 



n^=^4, 1st 5, 



5? 
5? 



* It cannot be distinguished which particuhir one of these two lines is present in the flame. 

t This third component of the triplet is very feeble in the flame, if it exists at all Possibly a longer 
exposure would have brought it out clearly. The homologous line at X 3403*74 is seen on the 
photographs of the cadmium flame spectrum. 



Cadmium« 



Salt used : Cadmium Chloride. 



Arc spectrum according to 

Kayser and Runge. 



Wave-length. 



r5086 
< 4800 
[4678 
4662 
3613 
3610 
3467 
3466 
3403 
3261 



06 
09 
37 
69 
04 
66 
76 
33 
74 
17 



Intensity. 



lOr 
lOr 
lOr 

8b^ 

8r 
lOr 

8r 
lOr 
lOr 
lOr 



Flame spectrum„ 



Intensity. 



Cone. 



2 
4 
4 



1 

3 
1 

<:> 

1 

15 



Flame, 



15 



Remarks. 



n == 3, 2nd S. Ses. 



n = 4, 1st 



55 71 



n^4, 1st J, ,. 



n=^4, 1st ,, 



3? 
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The flame spectra of the six metals studied which belong to Mendeleeff's second 
group are characterized by the presence in each of them of one extremely strong line, 
whose brilliancy far surpasses that of any other line. 

This line exists in the spectrum of every portion of the flame and has the wave- 
length : 

2852*22 in the spectrum of magnesium, 

3075*99 ,, ,, zinc, 

3261*17 ,, ,, cadmimn, 

4226*91 ,, ,, calcium, 

4607*52 ,, ,, strontium, 

5535*69 ,, ,, barium. 



5? ">"> 



If Ave classify these six elements into two sub-groups, the one containing 
magnesium, zinc, and cadmium, whose atomic weights are respectively 24*36, 65*4, 
and 112*4, the other containing calcium, strontium, and barium, whose atomic 
weights are 40, 87*6, and 137*4, it will be noticed that the wave-length of the line 
diminishes with the atomic weight of the element. It seems possible, therefore^ that 
all these six lines correspond to each other. There seems no doubt on this point as 
regards the lines of magnesium, calcium, strontium, and barium.. Rydberg already 
unites these rays, and there is strong evidence that they should be grouped together. 
The correspondence of the other lines is more doubtful. Taking account of the dis- 
placements due to difierences of atomic weight, it seems possible that the mercury 
line at 3650*31, which is strong in the arc, is the line corresponding to the above 
in the mercury spectrum. 

Mercury. 

The attempts which have been made to obtain the flame spectrum of mercury have 
been unsuccessful. No lines of mercury have been seen in the flame into which has 
been blown the spray from solutions of metallic mercury in nitric acid, and from 
aqueous solutions of mercuric chloride to which sodium chloride has been added. 
M. GouY has elsewhere stated the same fact. 

It may be of interest to note that no mercury lines are present in the solar 
spectrum. 



X 2 
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SiLYER. 



Salt used : Silver Nitrate. 



Arc spectrum according to 
Kayseh and Runge. 



A¥avedength. 



5171 -72 



5465 
5209 

4668 
4476 
42 L2 
4055 
3810 
3681 

O Q Q O 

OOOO 

3280 -o 



*66 

'70 
•29 
•1 

•44 
•6 
•8 
•00 

OQ 



Intensit)/ 



6 



lOr 
lOr 

8b^ 
6b^^ 

8r 



2n 



2b^ 
lOr 
lOr 



Flame spectrum., 
Intensity. 



Cone. 




Remarks. 



n-^4, 1st S. Ses. This line 
coincides in tlie flame with 
one of the lines of a carbon 
b^md 



} 

/ 



n -- 
n==^ 

n == 

n ^^ 



4, 1st S. Ses. 
4, 2nd ,3 



>} ?3 



t), i Su 5 5 

6, 1st 



?? 



55 55 



.Here only the .lines of the arc spectriin.i which have an intensity at least 6 are 
indicated, since the lines 3810 and 3G81 are the only ones of intensity less than 6 
which are uresent in the flame. 
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Copper. 



Salt used : Copper Nitrate. 



Arc spectrum according to 
Kayser an<i Runge. 



Wave-lengtli. 



5782 
5700 
5218 
5153 
5105 
4704 



4651 

4587 
4539 
4531 

4480 

4378 
4275 
4062 

4022 
3308 

3274 
3247 
2961 

2766 
2618 
2492 
2441 
2406 
2392 
2293 



2230 

2228 
2227 



30 
39 

45 
33 

75 
77 

31 
19 

98 
04 
59 
40 
32 
94 

83 
10 
06 
65 

25 

50 
46 

22 
72 
82 
71 
92 

16 
95 

85 



Intensity. 



8s 

8s 

lOb^'r 

8nr 
8r 

8s 

8s- 

lOn 
8br 
8b^'r 
8b^i^ 
8r 
8r 

lOb^' 

lOb^ 
10b 
lOr 
lOr 



6b^'r 

lOr 
6r 
6r 
8b^ 
8b^ 

lOr 



8r 

4 

8r 



Flame spectrum. 



Inteuvsity. 



Cone. 



10 
3 
5 
3 

10 



30 

30 

4 

3 

8 
3 
1 



2 
1 



Flame. 



10 



30 
30 



Remarks. 



n^^-l, 1st S. Ses. 
n=^4, 1st ,, ,, 
This line coincides with a 
band 



rfi 



n --= 4, 2nd S. Ses. 
Li -^ 5, 2nd 



55 55 



This line coincides with a 
band 



Wave-length as given by 

HARTI.EY 



Line near 2292 ... 1 



Here, as in the case of silver, only the Hnes of the arc spectrum which have an 
intensity at least equal to 8 are given, notwithstanding the presence in the flame of 
certain lines which have an intensity less than 8 in the arc. 

The flame spectrum of copper is extremely difficult to study on account of the 
presence of numerous bands, and the preceding table does not claim to be complete. 
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rn 



Tin. 



Salt used : Protochloride of Tin, 



Arc spectrum according to 


Flame spec 


Kayser and Runge. 


Intensil 


Wave length. 


Intensity. 


Cone. 1 

i 


4524-92 


8 


10 I 


3801-16 


6r 


10 


3655-88 


/. 


3 i 


3330-71 


6r 


9 1 


3262-44 


8r 


10 1 


3218^78 


4 


! 


3175-12 


8r 


10 ; 


3141-92 


L . 






3034-21 


lOr 


12 ! 


3032-88 


4r 


— • 


3009-24 


lOr 


10 1 


2913-67 


6r 


i 
*"^ — - \ 


2863-41 


lOr 


12 


2850-72 


6r 


8 


2840-06 


lOr 


15 


2813-66 


4r 


7 


2812-70 


4 




2788-09 


6br 


] 


2785-14 


4r 


6 J 


2779-92 


6r 


8 i 


2706-61 


lOr 


15 


2661-35 


6r 


10 


2637-05 


4n 






2594-49 


6r 


6 




2571-67 


8r 


7 





Flame. 



0-5 











9 



3 
3 

4 



5 



Arc spectrum according to 
Kayser an.d KuNGJfi. 



2558 
2546 

At)*j J. 

2524 
2495 



12 

63 



2483 



80 

50 

2455-30 
2429-58 
2421-78 
2408-27 



82 
2358-05 
2354-94 
2334-89 



2317 
2286 

2269 

2267 

ZiJii) X 

2246 
2209 

^ 1 J {t 



79 
40 
03 
30 

15 
80 
78 
46 
63 



Wave-length, j Intensity, 



61)- 

8r 

6b^ 

4r 

8r 

8r 

4 
lOr 
lOr 

6r 

4 
lOr 

8r 
lOr 

6r 

4 
lOr 

6r 

6r 
lOr 

6r 
lOr 
lOr 

8r 



Flame spectrum. 



Intensity. 



Cone. 



Flame. 



10 




2 




6 . 


.- _ — . 


8- 




2 




10 




7 




2 


— _ 


3 




9 




6 




3 




3 




6 


— 


5 




3 
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Lead. 

Salt used : Lead Nitrate. 



Arc spectrum according to 
Kayser and Eunge. 



Wave-length 


5005-62 


4168 


•21 


4062 


•30 


4057 


•97 


4019 


•77 


3740 


■10 


3683 


•60 


3671 


•65 


3639 


71 


3572 


88 


3262 


47 


3240 


31 


3220- 


68 


3150' 


9 


2873' 


40 


2833' 


17 


2823- 


28 


2802- 


09 


2697- 


72 



Intensity. 



6b^ 

4r 

4r 
lOr 

4r 

8r 
lOr 

4r 
lOr 

8r 

6 

6 

6 

4n 

6r 
lOr 

6r 

8r 

Grn 



Flame 


j 

spectrum. 


Intensity 




Cone. 


Flame. 


2 








5 








8 








20 






18 


8 








12 






0'5 


18 






10 


5 








18 






10 


12 






0-5 


8 






0-5 


7 






0-5 


9 






2 


12 






3 

1 



] Arc spectrum according to 
1 Kayser and Eijnge. 



Wave-lengtli. 


Intens 


2663-26 


6r 


2650-77 


8n 


2628-36 


2r 


2614-26 


8r 


2613-74 


4r 


2577-35 


6r 


2476-48 


6r 


2446-28 


6r 


2443-92 


6r 


2428-71 


6r 


2411-80 


6r 


2402-04 


Gr 


2399-69 


4r 


2393-89 


8r 


2388-89 


4r 


2332-54 


6r 


2254-02 


4r 


2-247-00 


lOr 



Flame spectrum. 



Intensity. 



Gone. 



10 

o 

O 

12 

8 
8 

7 
7 

2 
7 



7 



9. 




Bismuth. 

Salt used : Bismuth Sub-Nitrate dissolved with dilute Nitric Acid. 



Arc spectrum according to 

Kayser and Eunge. 



Wave-length. 


Intensity. 


4722-72* 


lOr 


4122 


■01 


6 


4121 


69 


6 


3596 


■26 


4r 


3511 


•00 


4r 


3397 


■31 


4r 


3067 


■81 


lOr 


3034 


■99 


4b^ 


3024 


75 


8r 


2993' 


46 


8r 



Flame spectrum. 



Intensity. 



Cone. 

10 

7 

5 
5 

8 

7 



9 

5 



Flame. 



10 



4 



Arc spectrum according to 
Kayser and Eijnge. 



Wave-length. 



2989 
2938 
2898 
2863 
2809 
2798 
2780 
2730 
2696 
2627 



15 
41 

08 
86 
74 
75 
57 
61 
84 
99 



Intensitv. 



8r 
lOr 
lOr 
4 
8r 
4 
8r 
6r 
6r 
8r 



Flame spectrum. 



Intensity. 



Cone. 



9 



9 
9 



5 



Flame. 



* It is probable that the spectrum of bismuth, which is yqvj feeble compared with those of the other 
metals, would be improved if photographed luider different conditions, ^^.{/., if a different salt were used 
and the time of exposure were prolonged. 
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Chromium. 

The spectrum of this metal, obtained by using a concentrated solution of chromic 
acid, only shows, besides an extremely intense continuous spectrum which occupies 
the whole visible portion up to about 3300, the four following triplets : — 



Arc spectrum according to 
Kayser and Runge. 



Flame spectrum. 



Intensity. 





"'" 


Wave-length. 


Intonsi 


r 5208 -58 


lOnr 


-^<^ 5206-20 


lOnr 


[5204-67 


lOnr 


r 4289 -87:1: 


lOnr 


4^^ 4274-91 


lOnr 


[4254-49 


lOnr 




5 
4 
3 

15 

15 
15 



Flame. 



2 
1 
1 



8 
8 



Arc spectrum according to 
Kayser n.nd RuNGE. 



Flame spectrum. 
Intensity. 



Wav^e-length. 



3605-46 

3593-57 
3578-81 

3021-68 
3017-66 
3015-05 



Intensity. 



lOm- 
lOnr 
lOnr 

/J 
2 



Cone. 



14 
14 



14 



8 

8 



Flame. 



9 
9 
9 



^' According to the determination of M. Hasselberg. 



t According to determinations by MM. Exner and HASCiniiK. 

I This triplet and the following are probably two terms of a series ; in. fact, their appearances in the 

/ 1 \ 
flame spectrum are identical. Moreover, the differences between the wave numbers ( . i of the first two 



lines of each of them are respectively 82 and 92, and between the wave numbers of the second and the 
third lines, 112 and 114 respectively^ 



Summary of Kesultb» 

An inspection of the preceding tables will have shown that the lines in the spectra 
produced under the conditions of my experiments are much more numerous than, is 
the case when the salt spray is not previously mixed with the gases which react to 
form the flame, but is introduced in some other manner. In the latter case it does 
not really enter into that zone of flame where the most intense chemical reactions are 
occurring and where the temperature is most elevated. Two different causes might 
be suggested in order to explain this increase in the number of the lines. 

The flame is divided into two quite distinct portions : an inner one which is reducing 
in its action, and another one which is oxidizing on account of the presence of air in 
excess. In the working of the sprayer the metallic salt is forced to pass in succession 
through these two regions, i.e., from the reducing region to the oxidizing region. It 
is possible that, during the passage across the boundary separating these two regions, 
there is a period, possibly very short, in which the metal, liberated from its 
combination, exists in the state of metallic vapour. The atom is at this moment in 
the hottest portion of the flame, namely, that vdrich surrounds the blue inner cone 
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and which is surrounded itself by the external portion of the flame. Here it may 
undergo a breaking-up, or in any case a modification of its physical or chemical 
constitution. In support of this view, one might mention the great changes produced 
in all the properties of iron, even in the solid state, by variations of temperature of 
much smaller range than those which occur in the flame. The metallic vapour, thus 
modified, passes in succession through zones of the flame of gradually decreasing 
temperature, and in which it exists in other intermediate states which might be called 
^^ states of less advanced dissociation." 

The following observation will serve to give a clearer idea of this method of 
considering the phenomena. If by means of a short-focus lens a small image of the 
flame is thrown on to the slit of the spectroscope, so that the whole length of the 
image is less than that of the slit, then it will be found, as for example in the case of 
potassium, that the spectrum is divided longitudinally into three well-defined parallel 
strips. In the lower strip, which corresponds to the blue cone of the flame, all the 
lines will be found together with the band spectrum of carbon. At the upper edge 
of the central band the five groups of four extremely close lines, which belong to the 
two secondary series of potassium, will be seen to terminate ; also the continuous 
spectrum which accompanies the line spectrum ends at this edge. Now it is precisely 
the point in the flame corresponding to the upper edge of this strip which marks the 
termination of what is considered to be the hottest zone of the flame, namely, the 
part surrounding the blue cone and which appears to the eye to be more luminous 
than the other portions. The third horizontal strip, corresponding to the highest 
portions of tiie flame, contains only the strongest lines of tlie principal series of tlie 
metal standing out from a completely dark background. 

In tlie case of other metals whose more complex spectra have not yet been divided 
into series, considerable dififerences liave been found, as the tables show, in the 
intensities of one and the same line depending upon whether this line has been 
produced in the neighbourhood of the base or in the upper regions of the flame. 
Certain of their lines even exist only in the neighbourhood of the blue cone. It is 
very probable that an examination of the relative lengths of the lines and of their 
appearance would result in the determination of new series. In fact, in the spectrum 
of the alkaline metals and of those metals whose flame spectra do contain known 
series, a complete analogy is seen in the appearances of those lines whose wave-lengths 
are connected with one another by some numerical relation. I have elsewhere (p. 160) 
pointed out in the flame spectrum of chromium the presence of two triplets whicli 
are probably members of the same series. 

If we now compare the flame spectra thus produced with those of the arc and the 
spark, it will be noticed that as a rule the lines whicli are found in the flame spectrum 
are those which are the strongest lines in the arc spectrum. . In certain cases, some of 
tlie nH)re intense arc lines are fibsent, whereas less intense arc lines are to be found in 
tlie Urnne spectrum. On, the otiier hand, none of the characteristic lines of the spark 

von. (x:^iv. -a. v 
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spectrum are ever seen in the flame spectrum. The resemblance, however, is very 
marlvied between the flame spectrum and that of the spark, in which the oscillatory 
character is controlled by the introduction of a self-induction into the discharging 
circuit of a condenser, and which for the sake of brevity may be called an oscillatory 
s])a]*k. In the latter case, as is well known from the work of Dr. Hemsalech, the 
spark spectrum is considerably simplified. Moreover, althougli tlie flame spectrum 
vv^ill contain only the lines which belong to the s];)ectrum of tlie oscillatory spark, yet 
all tlie lines of tlie latter will not be found in tlie flame spectrum, the missing lines 
being those wliicli are peculiar to the ordinary spark spectrum, and which only exist 
in the immediate neighbourhood of the electrodeSj becoming shorter and shorter, and 
flnallv disaiipeai'inp^ as the self-induction is increased^ 

The preceding paragraph refers to metals otlier than those belonging to the iron 
group. On the contrary, there is a most stiiking similai'ity between the flame spectra 
of iron, of nickel and of cobalt aud the oscillatory spark spectra of the same metals in 
the region included between about 4300 and 2700 Angstrom units. The similarity of 
the two spectra is so great that, except for very small diflei'ences of intensity, the 
oscillatoiy spark sjiectrum, which is ])hotogi*apiied as a comparison spectrum in the 
centre of the flame spectrum, appears to be a pu'oJongation of the latter. ITiis may 
be seen in the photographs placed at tlie end of this j)apei'. 

It should be noticed that if in the visible pijrtion of the spectruui certain lines 
appear to be missing, it is probably because the continuous spectrum which appears 
in this region of the spectrum, prevents these feeble lines from being seen. This may 
explain why M. Gouy was not able to observe the nickel lines which are found on 
the photographs taken with various salts of nickel, viz., the sulphate, chloride, and 
a;mmoniacal chloride. In the idtra-violet the s[)ectrum of the flame appears to fade 
away a little moi'e rapidly than that of the oscillatory spai'li, but it is probable that 
this diflerence would be reduced by prolonging tlie time of exposure ; since it is, of 
course, the radiations of the shortest wave-length whicli. are most absoi'bed by 
different media. 

What are the reasons for this similarity between the spectrum of the flame and 
the spectrum of the oscillatory spark ? Until we have conclusive evidence to tlie 
contrary, we must assume that it is a question of temperature. On the one hand, 
the increase in the number of lines of the flame spectrum obtained by the use of the 
sprayer may be attributed to the fact that the hottest regions of the flame take part 
in the production of the phenomena, and, on the other hand, the diminution in the 
number of lines in the spark spectrum when the spark becomes oscillatory is due to a 
diminution of its temperature. In fact, in the case of the ordinary spark, the 
whole of the energy liberated in the secondary circuit of the induction coil by the 
breaking of the current in the primary circuit is dissipated in a single rush ; whereas, 
in the case of the oscillatory spark, the rate of dissipation is greatly reduced by the 
conditions under which the discharge takes place. It is really the temperature at 
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the point at which the discharge current leaves the electrode and enters the air 
which plays the most important part in the production of the spectrum, and not the 
general temperature of the spark itself It is obvious that the greater the resistance 
to the passage of the current at this point the greater will be the amount of heat 
liberated there. The experiments of Professor Hartley'^ and M. Schenk/I" who 
observed that what are considered to be the high -temperature lines of the spark 
spectrum disappeared when the electrodes were heated to incandescence, do not prove 
that this was the real reason ; for, since the electrodes were heated artificially, the 
air between them woukl be rendered conducting. Hence there would be less 
resistance to the passage of the discharge, and therefore a less amount of heat 
produced there, so that the high-temperature lines would be expected to disappear 
under the circumstances. 

We cannot suppose that the oscillations themselves play any part of electrical 
nature in the production of the lines in the spectrmn of the oscillatory spark, since 
the only effect of the self-induction is to suppress existing lines and not to introduce 
new lines in the spectrum. If certain lines are increased in brilliancy by the 
introduction of self-induction, as in the case of the spectra of metals of the iron 
group, we may conclude, with Dr. Hemsaleoh, that here the effect of the oscillations 
is to raise the temperature of the vapour already formed between the electrodes by 
the initial discliarge.| Since the amount of heat liberated in this initial discharge is 
less than it would be in the case of the non-oscillatory discharge, the vapour will be 
in a state of less advanced dissociation ; but if the amount of heat liberated in tlie 
succeeding discharges is more than sufficient to compensate for the loss by radiation, 
which must be considerable on account of the high temperature of the vapour, tlien 
the temperature of the vapour will be increased and consequently also the intensity 
of some of tlie lines. 

It seems to me that a satisfactory explanation of the phenomena I have o1)served 
may be obtained by considering them as the results simply of variations of tempe- 
rature. OF com^se, it cannot be denied that spectra may be formed by other means 
than a pure and simple elevation, of temperature, but these methods ultimately 
reduce themselves to chemical transformations and thermal changes. This tempe- 
rature hypothesis, which accounts in the simplest way for the pi^oduction of the 
spectra, finds considerable support in the fact that the stars give spectra which are 
similar in their constitution to those obtained in the laboratory by electrical methods. 
It is diflrcult to imagine any othei' but a purely thermal cause for the luminosity of 
stars. 

In conclusion, I wish to express my best thanks to Professor ScHiiSTEii for his 

'^ 'Phil. Trans.,' 1882. 

t ' Astrophys. Journal/ 14, pp. 116-135, 190L 

f Loc. cit,y p. 11. 
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cimlness iii placing the resoiirces of his spleodici laboratory at my disposal and for tlio 
n.dvico h(3 has given, me during this work. My thanks are a,lso due to Mr. 11. S. 

lIoTTON and Dr. Hemsalech for tlie help thev have ffiven me. 
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* T line. f t line. 

I Between 2920 and 2820 the observation is much impeded by the presence of strong bands of water- 
vapour. § Coincides with a H^O line, 11 ? H %i line. 
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Iron — continued. 
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DeSOKLPTION of ];^LA,1M'^ 4-, 

1. Flame spectrimi of potassium (see p. 161). 

2, 3^ 4, Spectra of iron, nickel, and cobalt. In the centre of each of them the oscillator}^ spark spectrum 

divides the flame spectrum, in two regions of which the ojk) corresponds to the inner cone, while 
the other corres])onds to the uj)per portion of the fiame. 
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Comparison of the spectrum of the Hamo and the oscillatory electric sp;irk. 



